I In nc cr re ea as se ed d p pr re ev va al le en nc ce e o of f s sl le ee ep p d di is st tu ur rb ba an nc ce es s a an nd d d da ay yt ti im me e s sl le ee ep pi i--n ne es ss s i in n s su ub bj je ec ct ts s w wi it th h b br ro on nc ch hi ia al l a as st th hm ma a: : a a p po op pu ul la at ti io on n s st tu ud dy y o of f y yo ou un ng g a ad du ul lt ts s i in n t th hr re ee e E Eu ur ro op pe ea an n c co ou un nt tr ri ie es s ABSTRACT: The aim of this study was to investigate whether asthma is associated with decreased quality of sleep and increased daytime sleepiness. The study involved a random population of 2,202 subjects supplemented by 459 subjects with suspected asthma, aged 20-45 yrs. The subjects were from Reykjavik (Iceland), Uppsala and Göteborg (Sweden) and Antwerp (Belgium), and participated in the European Community Respiratory Health Survey. The investigation included a structured interview, methacholine challenge, skinprick tests and a questionnaire on sleep disturbances. Participants in Iceland and Sweden also estimated their sleep times and made peak expiratory flow (PEF) recordings during a period of 1 week. Asthma was defined as self-reported physician-diagnosed asthma with current asthma-related symptoms (n=267).
Recent studies indicate that the prevalence of asthma in adults in northern Europe may now be as high as 5-8% [1] [2] [3] . Many patients with asthma experience symptoms at night [4, 5] and several studies have shown that the quality of sleep in such patients is decreased [6] [7] [8] . Studies from general population samples have also found that subjects with asthma have a decreased quality of sleep when compared with subjects without asthma [9] [10] [11] [12] . The results of these studies are, however, somewhat contradictory, as increased daytime sleepiness in asthmatics has been found in some investigations [9] [10] [11] , but not in the most recent population study [12] . A possible disadvantage in previous population studies on asthma and sleep disturbances is that they have been based only on questionnaire findings and have not included objective measurements.
Between 1990 and 1993, an epidemiological investigation into the prevalence of asthma and allergy, The European Community Respiratory Health Survey (ECRHS), was conducted in different centres throughout the world [13] . In the first part of this study, a large population of randomly selected adults, in the age range 20-44 yrs, answered a postal questionnaire. The second and more extensive part comprised a random sample of the first population supplemented by subjects for whom the postal questionnaire indicated suspected asthma. In four of the participating centres: Reykjavik in Iceland, Uppsala and Göteborg in Sweden, and Antwerp in Belgium, a questionnaire relating to sleep disturbances was added to the second part of the ECRHS study. One purpose of this questionnaire was to compare the prevalence of sleep complaints in randomly selected populations from different countries using the same methodology [14, 15] .
The aim of the present investigation was to study the possible association between asthma and quality of sleep. A secondary aim was to assess possible underlying mechanisms that may cause an impaired quality of sleep in subjects with asthma.
Population and methods

Study areas and target populations
The subjects in this study came from four centres: 1) Reykjavik, the capital of Iceland, and surrounding suburbs, with an approximate population of 160,000; 2) Uppsala, the fourth largest city in Sweden, with approximately 170,000 inhabitants; 3) Göteborg, the second largest city in Sweden. The study area comprised the northern part of the city on the island of Hisingen, with an approximate population of 110,000; and 4) Antwerp, the second largest city in Belgium. The study area comprised the centre of the city and 13 municipalities in the southern suburban area, with a target population of 300,000 inhabitants from a total of approximately 750,000.
Populations
In phase one of the ECRHS, a random sample, in the age range 20-44 yrs, was selected using the population register at each centre ( fig. 1) . A postal questionnaire was sent to all subjects. The number of subjects selected was 3,600 in Reykjavik, Uppsala and Göteborg and 8,029 in Antwerp, and the response rate to the questionnaire was 81, 87, 80 and 75%, respectively. A random sample of those answering the questionnaire in Reykjavik (n=800), Uppsala (n=705) Göteborg (n=772) and Antwerp (n=1,665) was invited to participate in the second phase of the study. This phase included a structured interview, measurement of lung function and allergy testing. The number of subjects who participated in the second phase of the study was 570 (71%), 623 (88%), 682 (88%) and 1,121 (67%) in Reykjavik, Uppsala, Göteborg and Antwerp, respectively. A further sample of all the subjects who, in the postal questionnaire, reported nocturnal attacks of breathlessness, attacks of asthma or current use of medication for asthma was also selected for this further study: Reykjavik n=90, Uppsala n=216, Göteborg n=226 and Antwerp n=230 ( fig. 1 ). The informed consent of all participants was obtained and the study was approved by all the Ethics Committees involved.
The screening questionnaire and the questionnaire used in the structured interview were based on the International Union Against Tuberculosis and Lung Disease (IUATLD) questionnaire [13, 16] . In the interview, the patients answered questions relating to respiratory symptoms, respiratory disorders, medication and environmental factors. Asthma was defined as reporting: 1) ever having had asthma where the diagnosis had been confirmed by a doctor; and 2) having at least one asthmarelated symptom in the last 12 months.
Asthma related symptoms were defined as reporting: 1) wheezing or whistling in the chest; 2) wheezing in combination with breathlessness, and wheezing when not having a cold; or 3) having had an attack of shortness of breath that came during the day when at rest, or following strenuous activity. The number of asthmarelated symptoms reported was used for calculating an asthma symptom score.
Allergic rhinitis was defined as reporting having nasal allergy including hay fever.
Lung function and bronchial hyperresponsiveness
Forced expiratory volume in one second (FEV1) was measured in 2,167 persons using the Spiro Medics computerized dry-rolling seal spirometer system 2130 (Sensor Medics, Anaheim, CA, USA). The predicted values were calculated for each patient [17] .
Methacholine challenge was performed in 1,980 individuals using a Mefar dosimeter (Mefar, Brescia, Italy) [18] . Patients with a decrease in FEV1 of 20% with an accumulated methacholine dose of ≤2 mg were defined as having bronchial hyperresponsiveness (BHR) [19, 20] .
All the participants in Uppsala and Göteborg and a random sample of 25% of the participants in Reykjavik, [21] .
Allergy testing
Skin-prick test with the Phazet (Pharmacia Diagnostics, Uppsala, Sweden) was conducted on 2,144 individuals. Individuals with a positive prick test (weal with a mean diameter of ≥3 mm) to at least one of the following allergens: birch, timothy, mugwort, Dermatophagoides pteronyssinus, cat, dog, Cladosporium herbatum or Alternaria alternata were defined as having atopy [19, 20] . Individuals with a positive skin-prick test to D. pteronyssinus were defined as being house dust mite sensitive.
Sleep questionnaire
After completing the interview and examination, all the subjects were asked to fill in a separate questionnaire addressing their quality of sleep during the last few months. The questionnaire was a slightly modified version of a questionnaire used in previous Swedish and Icelandic studies [10, 11, 22] . The questionnaire, which has been described in detail in a previous paper [15] , comprised 16 questions: 14 multiple choice questions, giving answers expressed as discontinuous variables on a nominal scale, and two other questions giving answers expressed as continuous variables on a interval scale. For the multiple choice questions, the subjects were asked to estimate the frequency of different symptoms on a five-point scale: 1=never; 2=less than once a week; 3=1-2 nights a week; 4=3-5 nights a week; 5=almost nightly/daily. For the other two questions, the subjects were asked to estimate the average time it took them to fall asleep in the evening and the average number of nocturnal awakenings. The questionnaire was translated and then back translated from Swedish to Dutch to enable it to be used in Antwerp. The number of subjects who completed the sleep questionnaire was 613, 724, 540 and 784 in Reykjavik, Uppsala, Göteborg and Antwerp, respectively ( fig. 1 ).
Sleep diary
In Reykjavik, Uppsala and Göteborg, sleep habits were also investigated by means of a sleep diary of a type that has been used previously in studies in Iceland and Sweden [11, 22] . The participants were instructed to make entries in the diary shortly after waking each morning. They used a broken line to indicate the time in bed before they fell asleep, and an unbroken line for the time they slept. Awakenings were shown by gaps in the unbroken line. The sleep diaries were analysed, using computerized digital analysis in Reykjavik [11, 22] . For each week, estimated total sleep time, time awake at night and sleep efficiency (sleep time divided by time spent in bed at night) was calculated from the diary. All the participants in Uppsala and Göteborg and a random sample of 25% of the participants in Reykjavik, and all of those with symptoms indicating asthma were asked to fill in the sleep diary. The number of subjects that completed the diary correctly was 166 in Reykjavik, 536 in Uppsala and 486 in Göteborg.
Statistics
The statistical analysis was performed with the Statistica 4.0 software package (StatSoft Inc, Tulsa, USA). The variation in the prevalence of sleep disturbances and sleep times in subjects with and without asthma was studied using the Chi-squared test and unpaired t-test. Correlations between single variables (sleep disturbances, symptom score, FEV1 and PEF variability) were studied with Spearman's rank correlation. The influence of combined variables on reported sleep and daytime disturbances (expressed as discontinuous variables on a nominal scale) was analysed using logistic regression analysis. The influence of combined variables on estimated sleep, time awake at night and sleep efficiency (expressed as continuous variables on an interval scale) was estimated using multiple linear regression. In order to obtain an approximate normal variation in the dependent variables, a log transformation (log (x+1)) was performed on sleep latency and time awake at night. A p-value of less than 0.05 was regarded as statistically significant.
Results
Asthma and sleep disturbances
The demographic characteristics of the group of subjects with and without asthma is presented in table 1. Subjects with asthma had a significantly higher prevalence of difficulties inducing sleep (DIS), early morning awakenings (EMA), snoring, self-reported apnoeas, daytime tiredness (feeling physically tired during daytime), daytime sleepiness (feeling drowsy in the daytime), higher number of nocturnal awakenings, longer time awake at night and lower sleep efficiency than subjects without asthma (table 2) . These associations were also found when populations from each centre were studied separately but the differences were not always statistically significant. The only exception to this was that in Uppsala no trend towards a higher prevalence of snoring was found in subjects with asthma compared to subjects without asthma. Multiple logistic regression with adjustment for possible confounders showed independent associations between asthma and DIS, EMA, daytime tiredness, daytime sleepiness, snoring and apnoeas (table 3 and 4). When multiple linear regression was performed, asthma correlated weakly but significantly with sleep latency (r=0.05) and sleep efficiency (r=0.06) (p<0.05).
In order to study whether the use of an enriched population sample may have biased the results, the multiple logistic regression analysis was repeated in the random sample. The odds ratios (95% confidence interval) for the association between physician diagnosed asthma and night or daytime disturbances were: DIS 1.9 (0.96-3.7); EMA 2.6 (1.3-5.0); daytime sleepiness 1.7 (1.04-2.9); daytime tiredness 1.4 (0.8-2.4); snoring 1.8 (0.9-3.3) and self reported apnoeas 5.8 (1.9-18).
Asthma-related variables and sleep disturbances
As expected, the group of subjects with asthma had a higher prevalence of BHR, atopy, sensitization to house dust mite and allergic rhinitis, as well as lower FEV1 and higher PEF variability than subjects without asthma ( Multiple logistic regression with adjustment for possible confounders showed an independent association between rhinitis and DIS, daytime tiredness and daytime sleepiness, while BHR was independently related to daytime tiredness (table 5) . No significant association was found between snoring or apnoeas and any of the asthma-related variables. When multiple linear regression was performed, rhinitis correlated independently with time awake at night (r=0.07; p<0.05) and sleep efficiency (r=0.09; p<0.01). PEF variability correlated independently with time awake at night (r=0.07; p<0.05). 1.1 (0.7-1.6) 1.1 (0.9-1.4) 1.1 (0.9-1.4) 1.1 (0.9-1.3) † : OR for increased risk of sleep disturbance for each 10 yr increase in age. The values presented are odds ratio, and 95% confidence interval in parenthesis, after adjustment for area of residence and all independent variables in the table. OR: odds ratio; BMI: body mass index. *: p<0.05; **: p<0.01; ***: p<0.001, for the relationship between the dependent and independent variables. 
Asthma-related symptoms
A significant correlation was found between the number of asthma-related symptoms and the score for all sleep disturbance variables. Asthma symptoms score was also significantly correlated with sleep latency, time awake at night and sleep efficiency (table 6).
Nonparticipants
When comparing nonparticipants and participants in the randomly selected sample, it was found that in Antwerp the proportion of males who answered the sleep questionnaire was lower than in the sample who did not answer the questionnaire (43 vs 50%; p<0.001). Mean age was slightly higher in subjects who answered the sleep questionnaire in Reykjavik (33 vs 32 yrs; p<0.05) and Göteborg (34 vs 32 yrs; p<0.001) than among subjects who did not answer the questionnaire. In Uppsala the proportion of females (56 vs 45%) was higher in the group who filled in the diary compared to the group who only completed the questionnaire. Mean age was slightly higher among participants in Göteborg and Reykjavik who filled in the sleep diary (34 vs 32 and 35 vs 33 yrs; p<0.01) compared to subjects who only answered the sleep questionnaire. In Göteborg there was a lower prevalence of nightmares (≥1 per week) (6 vs 13%) and early morning awakenings (4 vs 10%) (p<0.05) in subjects who filled in the diary than in those who did not. Otherwise there were no significant differences between subjects who answered both the diary and the questionnaire and those who only answered the questionnaire.
Discussion
In this study, we found that asthma is associated with a decreased quality of sleep. The prevalence of difficulties inducing sleep and early morning awakenings was about twice as high and the prevalence of daytime sleepiness 50% higher in asthmatic subjects compared to those without asthma. Asthmatic subjects as a group also had slightly lower sleep efficiency and a higher number of nocturnal awakenings than the rest of the population. In order to investigate the possible underlying mechanism causing impaired quality of sleep in asthmatic subjects, the association between asthmarelated variables and sleep disturbances was analysed. In the multivariate analysis, allergic rhinitis was found to be independently associated with DIS, daytime tiredness and daytime sleepiness, while BHR was associated only with daytime tiredness. Rhinitis and PEF variability were both weakly related to the time spent awake at night.
An increased prevalence of sleep disturbances in asthmatic subjects has been reported in other studies [9] [10] [11] [12] . KLINK and QUAN [8] , in a study from the Tucson Epidemiological Study of Chronic Lung Diseases, found that subjects with obstructive lung disease had more problems inducing and maintaining sleep and more daytime sleepiness than subjects without obstructive lung disease. However, when separating subjects with asthma from those with chronic bronchitis, no significant association was found between asthma alone and difficulties inducing and maintaining sleep or daytime sleepiness. GISLASON and ALMQVIST [10] reported higher prevalence of difficulties maintaining sleep and daytime sleepiness in subjects with asthma or chronic bronchitis in a study of middle-aged men. In a previous study from one of our departments [11] , hospital out-patients with asthma were compared with matched subjects without asthma from a population study. A higher prevalence of DIS, difficulties maintaining sleep and daytime sleepiness was found in patients with asthma in this study [11] . In the most recent general population-based study, FITZPATRICK et al. [12] found that asthmatic subjects reported less refreshing sleep than nonasthmatics. However, the authors found no difference in the prevalence of daytime sleepiness between asthmatics and nonasthmatics. Apart from the association of asthma with DIS, nocturnal and early morning awakenings, daytime sleepiness and daytime tiredness, we also found a higher prevalence of snoring and self-reported apnoeas among asthmatics than nonasthmatics. An increased prevalence of snoring among asthmatics has previously been reported by FITZPATRICK et al. [12] . Other studies have indicated possible associations between the obstructive sleep apnoea syndrome and nocturnal asthma [23, 24] . LIN and LIN [25] found an increased prevalence of BHR in 16 patients with obstructive sleep apnoea compared to a control group. They also reported a reduction in BHR after 2-3 months of continuous positive airway pressure (CPAP) treatment. In our study, however, we were unable to find an association between BHR and snoring or apnoeas.
We do not know of any previous epidemiological study that has investigated the relationship between allergic rhinitis and the quality of sleep. However, JUNIPER and GUYATT [26] found that many patients with allergic rhinitis experience sleep impairment during an allergy season, when they were developing a quality of life questionnaire for clinical trials. JUNIPER and co-workers [27] also showed that this sleep impairment could be reduced with regular treatment with topical corticosteroids. Increased nasal resistance may also be a contributing factor in the pathogenesis of obstructive sleep apnoea [28] . In our study, however, we found no significant association between allergic rhinitis and snoring or self-reported apnoeas.
Theophylline, which is chemically related to caffeine, has also been implicated as a possible factor in decreasing quality of sleep in asthma [29] . In the multivariate analysis, no significant association was found between the use of theophylline and the quality of sleep. As only 10% of the subjects with asthma used theophylline, the power to detect a significant relationship between the use of theophylline and impaired quality of sleep was, however, low in this study. No association was found between sensitization to house dust mite and the quality of sleep.
We have previously reported that in asthmatics subjective quality of sleep is related to disease activity [11] . In this study, we found a negative correlation between the number of asthma-related symptoms and quality of sleep. This result is in accordance with a recent study from Tucson, in which a significant relationship was found between the rates of respiratory symptoms and sleep complaints [30] .
The definition of asthma used in this study was based on self-reported physician diagnosed asthma. This definition has been suggested by some investigators as optimal for epidemiological studies as it has a high specificity for clinical asthma [31] . In order to exclude subjects who had asthma only in childhood, only those individuals who reported having had asthma-related symptoms in the last 12 months were included. As adults over the age of 45 yrs were not included, most of the problems of separating asthma from chronic obstructive pulmonary disease, were probably avoided.
In order to increase the number of asthmatic subjects in the study, an enriched population sample was used. Repeating the multiple logistic regression analysis in the randomly selected population, however, did not significantly alter the odds ratios for the association between asthma and sleep disturbances or daytime sleepiness. Therefore, we do not believe that the use of an enriched sample biased the results in this study. In the multivariate analysis, adjustments were made for those variables that we have previously found to be significantly related to sleep disturbances in a general population. Variables, such as seasonal variation or caffeine consumption, that were not previously found to be significantly related to the quality of sleep were, however, not included in the analysis [14, 15] . As in our previous reports, we found a strong association between reported nocturnal gastrooesophageal reflux (heartburn or belching after going to bed) and sleep disturbances.
The questionnaire used in this study is based on the Basic Nordic Sleep Questionnaire (BNSQ) [32] . The main change in the BNSQ compared to many earlier sleep questionnaires is the introduction of a five-point scale indicating how many nights/days per week symptoms occur. This facilitates comparisons when the questionnaire is used in different countries. This scale for quantifying subjective sleep complaints is now widelyused in the Nordic countries, as well as in some studies from other countries [32, 33] . In this study, the use of three different languages carries the possibility of a translation bias. As we have reported from our previous analysis of the randomly selected sample, the variation in the prevalence of sleep disturbances between the two Swedish centres was, however, of the same magnitude as that between the Swedish and non-Swedish centres [14, 15] . Therefore, we do not think that translation bias was a major problem in this study.
We conclude that asthma is associated with decreased subjective quality of sleep and increased daytime sleepiness. Concurrent allergic rhinitis may be an important underlying cause for sleep impairment in asthmatic patients. This study confirms the need to include questions about sleep characteristics in asthma questionnaires for clinical studies or quality of life assessment.
